Researchers have employed farm household models (FHMs) for policy analysis under the separability assumption. However, separability can fail, and the household's production and consumption decisions become simultaneous. Using 5 years of household data, the separability assumption among Ghana's cocoa-producing households is tested via heterogeneity of household adult males and females, household children, and hired and exchange labor. Results show labor is heterogeneous, implying a lack of separability. Simulation analysis also shows that ignoring nonseparability leads to an underestimation of policy effects. Thus, nonseparability in production and consumption decisions must be incorporated in FHMs developed for Ghanaian cocoa-producing households.
Introduction
Historically, researchers have employed farm household models (FHMs) to examine (1) the impact of alternative policies on farm household welfare, (2) the response by farm households to policies, and (3) market effects of policies targeted at farm households and spillover into other segments and subpopulations of the economy (Dillon and Barrett, 2017; Singh, Squire, and Strauss, 1986) . Conventionally, FHMs have been solved sequentially (i.e., first, farm income is determined under conditions of profit maximization, and then the household utility is maximized subject to its budget constraint, which consists of the optimal farm income and total household time valued at the market wage rate). Thus, the conventional FHM implicitly assumes separability in household production and consumption decisions. However, in low-income economies, the key conditions that allow for separability typically break down, and the household's production and consumption decisions become simultaneous (Dillon and Barrett, 2017; Jorgenson and Lau, 2000; LaFave and Thomas, 2016; Singh, Squire, and Strauss, 1986) .
When separability in the FHM breaks down, it changes comparative statics and results in inconsistent parameter estimates. For instance, even if the underlying utility and production functions are correctly specified, incorrectly assuming separability implies elasticity estimates are inconsistent. This occurs because shadow prices are erroneously treated as exogenous, like market prices (Singh, Squire, and Strauss, 1986) . Shadow prices enable households to equate their demand and supply for commodities with missing markets and are not exogenous for each household as are market prices (Deaton and Muellbauer, 1980; Neary and Roberts, 1980) . Furthermore, shadow prices are a function of utility, fixed inputs, time endowment, and market prices; thus, they are influenced by household behavior. Conversely, changes in market prices could affect households' behavior directly and indirectly through changes in shadow prices (Singh, Squire, and Strauss, 1986) .
Two main conditions that lead to the breakdown of FHM separability cited in the literature are (1) incomplete and noncompetitive markets (Benjamin, 1992; Dillon and Barrett, 2017; LaFave and Thomas, 2016) and (2) imperfect substitution between family and hired labor in the farm production process (i.e., labor heterogeneity) (Deolalikar and Vijverberg, 1987; Singh, Squire, and Strauss, 1986) . Although the former is the most common condition for the breakdown of separability, many studies have revealed that both market imperfections and labor heterogeneity also can lead to the breakdown of separability. These studies compare an implied marginal value product of labor versus observable market wages via estimating either production or cost functions (Bhattacharyya and Kumbhakar, 1997; de Janvry and Sadoulet, 2006; Jacoby, 1993; Lambert and Magnac, 1994; Skoufias, 1994) .
According to Deolalikar and Vijverberg (1987) , the separability between the consumption and production decisions in FHMs is generally justified based on the grounds of a perfectly competitive labor market and homogeneity of household and hired labor. If labor is homogeneous and labor markets are complete and competitive, then farm households are assumed to allocate labor independently of on-farm labor demand. Thus, excess household labor is sold via the labor market, or unmet labor for farming can be filled by hired labor at a single market wage rate. On the contrary, if household and hired labor are imperfect substitutes, then the demand and supply of labor by farm households become interlinked; thus, the household labor supply will depend on the demand for farm labor for tasks such as supervisory and managerial roles, which cannot be met by hired labor (Deolalikar and Vijverberg, 1987) .
Consequently, labor heterogeneity may result in the marginal value product of labor not equaling the market wage rate. Thus, the level of labor heterogeneity could have critical implications for the validity of FHMs. Labor heterogeneity can stem from (1) labor qualifications and tasks (e.g., planting, harvesting, etc.), (2) seasonality in labor usage, (3) nonexistence of markets for different labor categories (particularly for child and female labor), (4) limited work hours because of labor market constraints (particularly unemployment), and (5) the need for supervision of hired labor (de Janvry and Sadoulet, 2006; Frisvold, 1994) .
In their studies, Jacoby (1993) and Skoufias (1994) rejected equality between wage and marginal value product of labor by regressing a derived measure of the marginal value product of labor on observed wages (earned mainly by men) for households in Peru and India. By rejecting equality between wage and marginal productivity of labor, Jacoby (1993) and Skoufias (1994) show that production and consumption decisions are nonseparable. Lambert and Magnac (1994) developed a methodology to measure the average value and the standard deviation of the implicit wage (marginal value product of labor) of family labor and compared it with the wage offered. Using this methodology, households were classified based on whether separability holds. Applying this strategy to the living standards measurement study for Côte d'Ivoire, Lambert and Magnac (1994) rejected equality between the marginal value products of labor and wage for 90% of men but only for 50% of women. In another study, Bhattacharyya and Kumbhakar (1997) used an indirect production function on Indian rice producers to illustrate distortions in labor and draft animals relative to other inputs. They found that larger farms undervalue labor and draft animals more than smaller farms.
Although labor heterogeneity and separability in production and consumption decisions among farm households have been extensively studied, the literature on the subject matter regarding cocoa-producing households does not exist. Cocoa (Theobroma cacao) is the most valued agricultural commodity exported from West Africa, estimated at approximately US$7 billion in 2012, and global cocoa consumption exceeded 4 million metric tons in the form of processed chocolate (United Nations Statistics Division, 2017). In 2013, estimates by the International Cocoa Organization (2014) indicated that Côte d'Ivoire accounted for 37% of all cocoa exports, followed by Ghana (21%), and then Nigeria (6%). Furthermore, more than 90% of the cocoa yielded in West Africa is produced by about 2 million peasant farmers on plots of up to 4 ha (World Cocoa Foundation [WCF], 2009 [WCF], , 2014 , and cocoa production accounts for 60% to 90% of the income of these farmers.
Although cocoa production provides income and employment for the producing households across West Africa, these households are plagued with issues such as poverty (the majority of households live on less than US$2/day; WCF, 2012), low yields (relative to Asian and South American cocoa producers; Food and Agriculture Organization of the United Nations, 2017), and labor practices, which often involve children working on cocoa farms at the expense of attending school (International Cocoa Initiative, 2011) . To minimize the occurrence of these issues, several development programs are being targeted at cocoa-producing households (WCF, 2018) . Examples of such ongoing programs at the time of this study included Cocoa Action, Cocoa Livelihood Program (CLP), and the Harkin-Engel Protocol. Cocoa Action brings together leading cocoa and chocolate companies to foster sustainability and improve the livelihoods of cocoa farmers, CLP aims to double the income of cocoagrowing households, and the Harkin-Engel Protocol is aimed at ending child and forced labor used in cocoa production. To accurately estimate the impacts of these interventions, monitoring and evaluation teams must be inherently results oriented, using appropriate data and methods to support findings (United Nations Development Programme, 2009). Thus, information on labor heterogeneity and its implications for separability is needed to properly ascertain the impact of development programs through changes in both the production and consumption behavior of farm households. Singh, Squire, and Strauss (1986) assert that modeling FHMs as separable or nonseparable is an issue that must be determined on a case-by-case basis. Thus, given the socioeconomic importance of cocoa globally and the level of interventions implemented in this sector, it is important to analyze labor heterogeneity in cocoa production and its implications for separability. Correctly specifying labor heterogeneity and accounting for separability are vital to accurately estimating the market and welfare impacts of development programs and policies. This study contributes to the existing literature in two important dimensions. First, using Ghana as a case study, the hypothesis of labor homogeneity in cocoa production in Ghana is tested while making no a priori assumptions on the substitution relationship among five different labor types used by cocoa farm households. A linearized Cobb-Douglas production function with a flexible translog function for labor aggregation is specified. Consequently, the parameter estimates are used to reveal the degree of heterogeneity among the five labor types to ascertain the existence of separability in consumption and production decisions among cocoa-producing households. Second, using the CLP development program as an example, the study simulates its effects in Ghana under both the separability and nonseparability assumptions on market prices and household welfare to illustrate the bias in results when separability is misspecified.
Background Information

Cocoa Production in Ghana
Cocoa is a perennial tree crop with an economically viable fruit-bearing life cycle of 25 to 30 years. Cocoa trees bear their first fruits typically in the fifth year after planting and reach full production capacity after 10 years. After 25 years, annual yields decline slowly over time, and the annual yield loss can be gradual, although the trees can live for 100 years (Lass, 2001) . Cocoa thrives mostly in tropical rainforest zones with maximum annual average temperatures between 30°C and 32°C, minimum annual average temperatures between 18°C and 21°C, annual rainfall levels between 1,500 mm and 2,000 mm, relative humidity as high as 100% during the day and 70%-80% during the night, and medium shade (Vigneri, 2008) . Since its introduction in the 1880s, cocoa has become the mainstay of Ghanaian agriculture, providing the second largest export earnings for Ghana and accounting for about 30% of total exports (United Nations Statistics Division, 2017). As a cash crop with minimal domestic consumption, cocoa accounts for approximately 55% of the total income for cocoa-producing households in rural communities (Ghana Statistical Service [GSS], 2014) .
Empirical studies have shown that Ghana's cocoa productivity, in terms of output per hectare (kg/ha), is mostly driven by labor use, technology (improved and hybrid varieties), land tenure (area expansion), nonlabor inputs use (mainly fertilizer, insecticide, and seedlings for replanting), and appropriate agricultural practices (Abenyega and Gockowski, 2003; Aneani and Ofori-Frimpong, 2013; School of Public Health and Tropical Medicine, Tulane University, 2015; Vigneri, 2008; Zeitlin and Teal, 2006) . Because the focus of the analysis is on labor heterogeneity, the following discussion focuses on labor use only.
Labor is a key input in cocoa production because it accounts for about 35% of the total value of inputs used in production following land (Centre for the Study of African Economies [CSAE], 2016; GSS, 2008 GSS, , 2014 School of Public Health and Tropical Medicine, Tulane University, 2015) . Labor employed in cocoa production in Ghana is broadly categorized into five types: (1) household adult male labor, (2) household adult female labor, (3) household child labor (less than 16 years), (4) exchange labor, and (5) paid labor (Abenyega and Gockowski, 2003; Zeitlin and Teal, 2006) . Both adult male and female labor stem from the producer's own time, spouse's time, and adult extended family members' time. Household child labor is composed of labor provided by the producer's own children and those of other members of the extended family. Exchange labor, sometimes referred to as "reciprocal labor," is labor received from other producers and groups the farmer has joined.
According to Abenyega and Gockowski (2003) , exchange labor involves adult workers only; however, in some cases, the producer may enlist the participation of family children. Paid labor consists of all nonfamily labor paid by cash, inkind, or through a sharecropping arrangement. Producers' own labor is the most frequently utilized labor type in cocoa production in Ghana (Abenyega and Gockowski, 2003) . The five labor categories are employed in seven major tasks associated with cocoa production: (1) land preparation, (2) weeding and agrochemical application, (3) harvesting, (4) pod breaking, (5) field transport, (6) bean fermentation, and (7) fermented bean drying (Abenyega and Gockowski, 2003; Zeitlin and Teal, 2006) . As shown by Abenyega and Gockowski (2003) , the variation in the type and level of labor utilized in cocoa production is partly explained by household labor endowments, tasks, location (region), and size of the cocoa enterprise.
The Ghanaian cocoa market is partially liberalized, allowing private, licensed buying companies (LBCs) to purchase, sell, and transport cocoa. The LBCs sell to the Ghana Cocoa Board (COCOBOD) and local processing companies. The COCOBOD is the sole exporter and farm gate price regulator of Ghanaian cocoa. The COCOBOD sets the floor price for cocoa at about 70% of the net freeon-board price. This price setting regime enables COCOBOD to have working capital to stabilize the farm gate price and carry out its mandate.
The Cocoa Livelihood Program
The CLP is an ongoing developmental program (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) (2018) (2019) implemented in Ghana, Cote d'Ivoire, Nigeria, and Cameroon to double the income of approximately 200,000 cocoa-growing households. The objectives of CLP phase 1 implemented from February 2009 to January 2014 were to (1) increase cocoa production and quality at the farm level, (2) improve market efficiency and build capacity of farmers and farmer organizations, and (3) improve competitiveness by increasing farm diversification (Ndiaye, Budiansky, and Houston, 2013) . In addition to improving cocoa yields, CLP phase 2 (February 2014 to January 2019) aims to bring about improvements in other food crops such as maize, cassava, and yams, which cocoa farmers grow simultaneously for household consumption. For a comprehensive description of the CLP see Tsiboe et al. ( , 2018 .
Farmers who participated in CLP phase 1 attended Farmer Field School (FFS) and Farmer Business School (FBS); subsequently, those farmers who completed both FFS and FBS and were deemed creditworthy were extended credit through an Input Credit Package (ICP) to obtain inputs (fertilizers and pesticide) for production. In Ghana, farmers received annual credit to purchase fertilizers subsidized at 36% of the market price. Applying the difference-in-differences modeling method to data collected from 700 pre-and post-CLP phase 1 surveys of Ghanaian cocoa farmers, showed that cocoa yields for those farmers who completed both FFS and FBS and received ICP increased by 32%.
Methodology and Data
The study develops an FHM for cocoa production in Ghana. Based the model, the empirical framework is specified, and a set of testable hypotheses connecting labor heterogeneity and nonseparability between consumption and cocoa production decisions is defined.
Theoretical Model
Cocoa is a nonconsumed cash crop; thus, all household production is surplus and is sold at the farm gate price set by COCOBOD, while the labor/leisure decision connects production with utility. Following Singh, Squire, and Strauss (1986) , this study considers a representative Ghanaian cocoa-producing household that uses income from cocoa production and noncocoa activities to purchase all consumption goods. Thus, the household maximizes utility (U) from the total consumption of goods (G) and leisure (L l ) of its members according to the monotonically increasing and quasi-concave utility function:
where α is a vector of parameters. In the context of this study, leisure is defined as all time not allocated to cocoa production. The household produces cocoa according to the well-behaved production function (Y):
where Y c is total cocoa output, L c is total farm labor, x is a nonlabor input, A is land, Z is the productivity parameter, and β is a vector of output elasticities of inputs. Because of the perennial nature of cocoa trees with a 25-to 30-year life cycle, land (A) is assumed to be fixed. Equation (1) is maximized subject to the cash income, labor use, and total time constraints:
where P G , P y , w, and P x are the prices of the consumption good, cocoa, labor (wage rate), and nonlabor input, respectively. The variable E represents all other noncocoa-generated income. Equation (3) sets total spending equal to total profit from cocoa farming and noncocoa income. Total labor used in cocoa production (L c ) (equation 4) is a composite of hired labor (L h ) and family labor (L f ), where
Labor Heterogeneity in Ghanaian Cocoa Production 609 ρ is a vector of parameters. Equation (5) sets the total household time availability (T ) to equal time spent on leisure (L l ) and cocoa farming (
if L h is positive, then the farm requires more labor hours than the farm household can provide, and it hires off-farm labor. Conversely, if L h is negative, then the farm requires fewer labor hours than the farm household would like to work, and the excess time is spent at off-farm work earning the market wage rate. Given the study tests for labor heterogeneity, we move away from the linear relationship defined previously and
, where L h is only hired labor. In this context, it is not possible to include off-farm labor, as it would not be identified; thus, off-farm labor is not considered in this model. Further justifications for not including offfarm labor in the model are the following: (1) only 27% of typical cocoa farm household's hours, with a 7-day recall period, is spent on working off the farm (School of Public Health and Tropical Medicine, Tulane University, 2015), and (2) the household level data collected and used in Section 3.2.1 (tests for labor heterogeneity) did not include off-farm work labor allocation Substituting equations (2), (4), and (5) into equation (3) and simplifying gives the full-income constraint:
where L h (·) is hired labor expressed as a function of total labor (L c ) and family labor (T − L l ) in cocoa production. The left-hand side of equation (6) expresses total household expenditures on consumption goods, while the right-hand side is Becker's (1965) concept of full income, which consists of profits from cocoa and noncocoa income. The Lagrangian (L) for maximizing utility subject to the full-income constraint is
The first-order conditions necessary to maximize the household's total utility are
In this study, separability occurs if the cross-partial derivatives for hired labor are zero (
, which implies that the leisure decision does not affect the optimal total labor decisions and vice versa. Therefore, the functional form of L(L h , L f ; ρ) is crucial in determining if separability exists in the model. For example, consider two functional forms: linear and nonlinear. Under the assumption of perfect homogeneity between labor inputs (denoted by the superscript 0), we have that
F R A N C I S T S I B O E E T A L .
Solving for hired labor as a function of total cocoa labor (L c ) and total family cocoa labor (T − L l ) yields
Therefore, the partial derivatives of L h0 (·), with respect to leisure L l and total labor L c , are
Thus, with the assumption of perfect homogeneity among labor inputs, the cross-partial derivatives are zero. Therefore, separability is achieved because the leisure (L l ) and total labor used in cocoa production (L c ) are independent of each other.
The second functional form of L(L h , L f ; ρ) is nonlinear, which provides more flexibility in the formulation of total labor (denoted by the superscript ):
Based on parameter restrictions, the study can formulate hypothesis tests for labor substitutability. Solving for hired labor as a function of total cocoa labor (L c ) and total family cocoa labor (T − L l ) yields
The partial derivatives of L h (·), with respect to L i and L c , are
(14) From equation (13), the cross partials (
2 ) are not equal to zero, which implies that labor inputs are not independent of each other. As a result, the separability conditions break down because production choices (L c ) are dependent on consumption choices (L l ) and vice versa. Consequently, if the cross-term parameter ρ 2 equals zero, then hired and family labor can be considered perfectly homogeneous, and separability is achieved. Thus, the more substitutable each type of farm labor is, the more freely the farm household can adjust labor allocations and increase utility.
Empirical Framework
For illustrative proposes, Section 3.1 presented an oversimplified functional form for L(L h , L f ; ρ), and labor was divided into only two forms. Based on the theoretical model, the empirical strategy proceeds in two steps: First, an econometric model for testing the hypothesis of labor homogeneity in cocoa production is presented. Second, to ascertain the empirical implications, a simulation analysis of the impact of CLP on consumption and production input under the assumption of labor homogeneity and heterogeneity is conducted.
Econometric Model
This study estimates a reduced form model for the hypothesis test of labor homogeneity-unlike Deolalikar and Vijverberg (1987) who estimated two separate models for the production function (equation 2) and the composite total labor (equation 12). The empirical analysis considers a linearized Cobb-Douglas production function for equation (2) and the more robust translog specification for composite total labor (equation 12). The translog function is well established in the literature to allow for an unrestricted substitution relationship between factors of production (Berndt and Christensen, 1973; Bigsby, 1995; Binswanger, 1974; Corbo and Meller, 1979) .
Additionally, unlike previous studies (D 'Antoni, Khanal, and Mishra, 2014; Deolalikar and Vijverberg, 1987) that tested labor homogeneity between only household and nonhousehold, this study goes a step further by also testing labor homogeneity among all the five types of labor utilized in Ghanaian cocoa production. Thus, the estimation of the production function was done twice: once for aggregated household (household adult male, household adult female, and household child) and nonhousehold (exchange and paid) labor, and then once again for all the five types of labor utilized in Ghanaian cocoa production. The estimated parameters are then used to test the hypothesis that homogeneity exists among the different types of labor used by cocoa-farming households in production.
The outcome variable for the production function is the natural log of cocoa yield measured in kg/ha (Y kt ) for the kth household in period t. The reduced form of equation (2) and the translog specification for equation (12) is then specified for the econometric model as
where g(L kt : δ x ) is the translog specification for equation (12), and L kt is a vector containing the type and amount-measured in man-day/ha-of labor used by the kth household in period t. The vectors X kt and H kt contain nonlabor inputs (fertilizer, insecticide, fungicide, production equipment, and assets) and other control variables for production (farm characteristics, household characteristics, growing season, and location). In equation (15), u k + ε kt is a composite error term such that u k is householdspecific and ε kt is assumed to be normally distributed with mean zero and finite variance. Given the assumption about the unobserved household-level effect u k , equation (15) can be estimated as a random or fixed effects model. However, a Hausman test rejected a random effects model in favor of fixed effects model. Consequently, u k is modeled as a fixed effect.
To ascertain if the labor types are homogeneous, the null hypotheses δ i j = 0, where i = j, are tested. Subsequently, the estimated parameters for the labor variables are then used to calculate a partial elasticity of substitution based on Allen (1938) for each household to determine the degree of substitution or complementarity among labor types. The partial elasticity of substitution (σ i jzt ) between any two labor types i and j for households located in location z at time t is defined by
where f izt is the mean marginal product of labor type i, f i jzt is the mean crossmarginal product of labor type i and j, H zt is the bordered Hessian matrix and |H zt | is its determinant, and H i jkt is the ijth cofactor; these variables apply to all households located in location z at time t. 1 Generally, σ i jzt is negative when L i and L j are complements and positive when they are substitutes (Allen, 1938) .
Given the log-log relationship between the outcome variable and labor, the output elasticity for the ith type of labor for each household at time t is estimated as
Given the output elasticities of the types of labor, quantities of labor used in production by the jth household in period t, and the price of cocoa (P yt ) at period t, the respective marginal revenue product (implied wage) for the types of labor and household can be estimated by substituting the values of the estimated parameters (δ i ,δ ii , andδ i j ) from equation (15) and equation (17). The marginal revenue products (V ikt ) for the ith type of labor used by the kth household in period t are
Following previous studies (Bhattacharyya and Kumbhakar, 1997; de Janvry and Sadoulet, 2006; Jacoby, 1993; Lambert and Magnac, 1994; Skoufias, 1994) , the V ikt values are then regressed on categorical variables such as fixed effects for labor type I i , growing season G t , and household F k to determine if these are statistically different across the five labor types.
Simulation Strategy
Based on the results from the aggregated estimation of equation (15), a simulation analysis of CLP is carried out to find how misspecification of labor heterogeneity affects the magnitude and directional effects of key endogenous variables such as price, production, consumption, and household welfare. An abridged version of the simulation methodology is presented here; however, a detailed version is outlined in Note A1 provided in the online supplementary appendix. The CLP simulation model considers a representative cocoa household that maximizes utility (equation 1) from the consumption of goods and leisure subject to the full-income constraint indicated by equation (6), where the labor aggregation function is given as equation (12). Additionally, the household is assumed to face a residual cocoa demand function representing Ghana's share of the world market. The parameters and exogenous variables in the model are calibrated to match the prices and output levels in 2010 following Tsiboe et al. (2018) ; Note A1 in the online supplementary appendix provides details on the model and its calibration.
The model is simulated for the cases of separability (ρ 2 = 0) and nonseparability (ρ 2 = 0) over two scenarios: the baseline scenario before CLP and the alternate scenario after the CLP is implemented. Note that in this section, in the interest of simplification, ρ 2 is estimated for aggregated household labor. In the baseline scenario, the cocoa productivity parameter (Z) in equation (2) and the price of the nonlabor cocoa input (P x ) are set equal to their calibrated values. In the alternate scenario, the productivity parameter and price of the nonlabor input are set to Z(1 + ∅) and P x (1 − σ ), respectively. Based on Tsiboe et al. ( , 2018 , ∅ = 0.32 is the productivity shock because of CLP training, and σ = 0.36 is the nonlabor input subsidy received upon completion of the CLP program. Comparing the levels of key endogenous variables for the baseline and alternate scenarios for both the separable and nonseparable cases, we quantify the magnitude and directional effects of the two contrasting separability assumptions.
Before moving on, some caveats are noted. First, the literature asserts that it is critical for empirically estimated production functions to satisfy theories in microeconomics (i.e., quasi-concavity and monotonicity) (Sauer, Frohberg, and Hockmann, 2006) , as this influences estimation of farmer specific outcomes. Consequently, failure to do so could compromise reasonable results interpretation (Henningsen and Henning, 2009; O'Donnell and Coelli, 2005) . In this study, all input elasticities were positive; thus, monotonicity can be assumed to have been satisfied for the empirical model. However, a potential pitfall is that the empirical model may not exhibit the properties of quasi-concavity because it was a reduced form Cobb Douglas production and translog labor function. Second, the study ignores cocoa smuggling (both in and out of Ghana), partly because of the lack of statistics to accurately model these black-market outcomes. Depending on the direction of the smuggling, the price effects maybe more or less. However, the core finding of differing simulated policy outcomes based on the separability assumption is likely not affected by smuggling. Nevertheless, as a first approximation, the generated results can still provide insights into the separability of the production and consumption decisions among Ghanaian cocoa-producing households.
Data
The household-level data used to estimate equation (15) sample consists of randomly selected households from 25 villages throughout the cocoa-growing region of Ghana. The villages were selected with probabilities proportional to the size of the cocoa-farming population in each village. The sampling unit within a given village was taken as representative farmers within households. For the successive rounds, where the farmer interviewed for the previous survey had migrated to another city or village, the current primary owner of the farm at the time of the survey was interviewed. Where this failed, additional households were sampled. A similar strategy was implemented in 2004, 2006, 2008, and 2010 . The data sets are available for public use from CSAE (2016). The final data used in this study are composed of 1,873 observations. Table 1 provides summary statistics of selected variables in the estimation sample, which is composed of 1,873 observations. The summary statistics indicate households average about four members in adult equivalence (AE), about 16% of whom are female headed. Household size in terms of AE is computed by dividing the total energy requirements of the household by 2,900 kcal, the energy requirements of an adult male between the ages of 19 and 50 years.
2 On average, the head of the household attended 8.5 years of school. For cocoa producers, the average farm size is 2.8 ha with an annual yield of 635 kg/ha. On average, cocoa farmers apply 58 kg/ha of fertilizer, 0.3 L/ha of pesticide, and 6.5 kg/ha of fungicide annually. Annual average total labor usage is 160 man-hours/ha/season. Table 2 provides a summary of the cocoa labor use dynamics within the producing households. The table shows that total cocoa labor is composed of about 40% provided by hired labor, 55% by the household (32% from men, 20% from women, and 3% from children), and 5% by exchange labor. Household adult male labor is the dominant labor type used in land preparation, planting, cocoa husbandry, input application, and harvesting. In terms of prevalence, household adult male labor is followed by hired labor for activities pertaining to land preparation, cocoa husbandry, and input application; and household adult female labor for activities pertaining to planning and harvesting. The dominant activities within labor types are cocoa husbandry for hired and household adult male labor and harvesting for household adult female and child labor and exchange labor. Furthermore, the data also show that while positive, the five labor activities have different correlations with cocoa yield (kg/ha), with harvesting and input application having the highest and lowest correlation, respectively. Given the differences in labor activities and correlation with cocoa yield, it is important to test for the heterogeneity of the five different labor types and heterogeneity's implications for FHM separability.
Results and Discussion
In this section, aspects of heterogeneity in cocoa farming are investigated using the results of the fixed effects estimation, output elasticities, implied wage rates, Note: Significance levels: * P < 0.10; * * P < 0.05; * * * P < 0.01. Source: Estimated by authors using household data from Centre for the Study of African Economies (2016).
and the partial elasticities of substitution. We then examine the implications of the econometric results in terms of separability of consumption and production decisions in the model through the CLP simulation results. Table 3 presents the coefficient estimates from the aggregated fixed effects estimation of equation (15). The estimates for the disaggregated model (i.e., for all five labor types) are presented in Table A1 in the online supplementary appendix. Overall, the R-squared value for the aggregated model indicates that the model explains 25.74% of the dependent variable variation. Additionally, the F-statistic indicates that the model is significant at P < 0.01. To ascertain the homogeneity of household and nonhousehold labor, the null hypothesis, δ i j = 0, where i = household and j = nonhousehold, is tested. Thus, if the cross term between household and nonhousehold labor is statistically different from zero, then the separability condition breaks down. From Table 3 , the estimated cross-term parameter for household and nonhousehold labor is significantly (P < 0.10) different from zero. The estimated cross-term parameters, excluding the cross term for hired and household adult female labor in Table A1 (online supplementary appendix), denoted as [A] × [C], have values that are not significantly different from zero. This implies hired and adult female labor cannot be considered as perfectly homogeneous. Therefore, the study concludes that production and consumption decisions among Ghanaian cocoa-producing households are not recursive and separable.
Econometric Analysis
Additionally, the estimated output elasticities of labor, reported in Table 4 , show that for the aggregated model, a 1% increase in the use of nonhousehold and household labor significantly (P < 0.01) increases cocoa yields by 0.039% and 0.053%, respectively. When the model is estimated for all five types of labor, the elasticities are estimated at 0.027%, 0.013%, 0.015%, 0.005%, and 0.027% for hired, household adult male, household adult female, household child labor, and exchange labor, respectively. Table 4 also reports the implied wages (marginal revenue product) of the five types of labor used in cocoa production. The results show household adult male labor has the highest marginal revenue product, estimated from equation (17), at US$1.45/manday, followed by household adult female (US$1.38/man-day), household child labor (US$0.84/man-day), hired labor (US$0.82/man-day), and exchange labor (US$0.31/man-day). Given the magnitudes of the elasticities in Table 4 , the size of the implied wage for child labor relative to hired labor is counterintuitive; however, further clarification is given via the sign and magnitudes of the partial elasticities of substitution discussed in the subsequent paragraph. A pairwise comparison of the implied wages for the five types of labor indicates that, except for (1) hired and child labor and (2) household adult female and child labor, equality of the implied wages for the other types of labor is significantly (P < 0.01) rejected. Table 5 displays the partial elasticities of substitution for the five labor types, which are estimated for each community and averaged across the sample to test their statistical significance. The estimated elasticities of substitution show that hired labor substitutes for household adult female labor but is a complement to household adult male labor, household child labor, and exchange labor. Specifically, if the cost of hired labor increases by 1%, the use of household adult female labor will increase by 0.54%. On the contrary, if the cost of hired labor increases by 1%, the use of household adult male, child, and exchange labor will fall by 0.03%, 0.13%, 0.02%, respectively. Household adult male labor substitutes for household adult female and child labor and complements exchange labor. Although hired, household adult female, and exchange labor are all complements with child labor, the strongest complementarity is between household adult female and child labor, with the latter decreasing by 9.66% for every 1% reduction in the cost of the former. Exchange labor is a substitute for household adult female labor and a complement to household adult male labor, with an estimated elasticity of 0.37%. The partial elasticities of substitution combined with our findings on the δ i j imply that little evidence exists to support the homogeneity among the five labor types.
The relationship between adult labor-particularly female-and child labor is consistent with the fact that women are usually the primary caregivers for the household children. Thus, women spend more time with children and are likely to take them along to the farm. Estimates from the sixth round of the Ghana Living Standards Survey (GSS, 2014) indicate that Ghanaian women spend about 31% more time caring for household children, relative to men from the same household. The complementarity of household adult female labor with child labor also offers insight into why the implied wage for child labor is high relative to both hired and household adult male labor. The intuition is that the implied wage for child labor is high because children are more likely to be found on the farm with the labor type (household adult female labor) that has the second highest implied wage. Thus, given that the responsiveness of cocoa yields to child labor was the lowest, the estimated implied wage for household children could be reflecting that of household adult female labor. Furthermore, a major proportion of child labor (53%) engages in cocoa-harvesting activities, which is the labor activity that is most positively correlated with cocoa yield. Thus, coupled with a Indicates labor pairs that are substitutes. b Indicates labor pairs that are complements. Notes: Significance levels: * P < 0.10; * * P < 0.05; * * * P < 0.01. A negative value indicates that the respective labor types are complements and positive means they are substitutes. Parentheses denote standard errors, and brackets denote number of households. Source: Estimated by authors using household data from Centre for the Study of African Economies (2016).
its complementarity with household adult female labor, it is reasonable that the implied wage of household child labor is the third highest. In terms of the other covariates, Table 3 indicates a 1% increase in farm size decreases production significantly by 0.51%. For a 1% increase in the use of fertilizer and fungicide, cocoa yield increases by 0.02% and 0.10%, respectively. Producers with young cocoa trees (ages 0 to 4 years) have significantly lower yields by 12.90%. This follows logically because cocoa trees take 3 to 5 years to produce their first crop (Wood and Lass, 1987) . The sign of the estimated, significant nonlabor coefficients are all consistent with existing studies on cocoa productivity in Ghana (Aneani and Ofori-Frimpong, 2013; Edwin and Masters, 2005; Wood and Lass, 1987) .
Cocoa Livelihood Program Simulation Analysis
Given the evidence of labor heterogeneity in the previous section, the study investigates the impact of assuming labor homogeneity by simulating CLP outcomes under assumptions of labor homogeneity and labor heterogeneity. The CLP simulation results, shown in Table 6 , indicate that both the calibration of the parameters and simulation results are affected by the homogeneity assumption made on labor and, thus, separability in the FHM. Specifically, Table 6 shows that the calibrated production parameters for cocoa (β 1 and Z) and the utility parameters (α 1 and α 2 ) have varying degrees of sensitivity to the assumption made on labor homogeneity. Specifically, α 1 , α 2 , β 1 , and Z change by −0.26%, 17.78%, 27.72%, and −1.49%, respectively. These sensitivities occur because the calibration of these parameters depends on the partial derivative , which is directly affected by the labor assumption. Table 6 reports simulation results for changes in cocoa production, cocoa price, farm household consumption, leisure, and welfare for both the separable model and nonseparable model. Here, we focus our discussion on how the separability assumption affects the simulation results; for a broader discussion of CLP and its market impacts, see Tsiboe et al. (2018) . The simulation results indicate that incorrectly modeling labor types as homogeneous-in this case "A Separable Model"-also leads to underestimated simulation results in terms of the magnitude of the changes for consumption of goods and leisure because of the implementation of the CLP program. The model assuming homogeneity between labor types underestimates the magnitude of the change in the consumption of goods and leisure by 1.38% and 1.28%, respectively. The intuition behind this underestimation-particularly leisure-is directly linked to the fact that the shadow prices for household labor are functions of the market wage rates and the partial derivative
that is directly affected by the labor assumption. Shadow prices enable households to equate their demand and supply for commodities with missing markets (Deaton and Muellbauer, 1980; Neary and Roberts, 1980) and are not exogenous. However, the separable model (with Notes: Simulation: Because of CLP, households experience a productivity shock (increase) of 32% and a subsidy of 36% on nonlabor inputs coupled with an income shock (increase) of 2.731% and demand expansion of 4.117% in the world cocoa market.
homogeneous labor types) inherently treats the shadow prices for household labor as a constant that is equal to w(
). This shadow price takes the same value of approximately 1.35w in both the baseline scenario (before CLP) and the alternate scenario (after CLP). Consequently, in the separable model, the shadow prices for household labor become higher than the market wage rate for hired labor. This causes the household to limit the use of household labor under increased productivity from the CLP program, ceteris paribus, which in turn frees up more household time to be consumed as leisure.
In contrast, the nonseparable model (with heterogeneous labor types) treats the shadow prices for household labor as a function of endogenous variables equal to w(
2 ). Thus, the shadow prices take deferent values based on the scenario. Particularly, the shadow prices for both scenarios are calculated at 1.15w and 1.20w for the baseline (before CLP) and the alternate (after CLP) scenario, respectively. Thus, in addition to being higher than the market wage rate for hired labor, the shadow prices for household labor also become relatively higher in the alternate scenario. This causes the household to limit the use of household labor under increased productivity from the CLP program (relative to the baseline), ceteris paribus, which in turn frees up more household time for leisure than that of the separable model.
We now analyze the impact of the labor homogeneity assumption when assessing the impact of CLP on the welfare of cocoa-producing households. Under nonseparability, because farmers become more efficient following CLP, production increases. This, coupled with the global demand expansion in cocoa consumption, increases household cash income and good consumption. Therefore, consumer surplus for good G, as well as producer surplus from cocoa production, increases because of the implementation of CLP. Both surpluses serve as household-level welfare indicators. However, under the assumption of separability, the changes are underestimated. Specifically, the change in consumer surplus for good G and producer surplus is 1.22% and 0.52% higher in the nonseparable model relative to the separable model. In net, the gains in consumer and producer surplus from cocoa production exceed the total CLP cost, and the change in new welfare is positive. The total cost of CLP per farmer who benefited directly from the program was estimated at US$151 in 2010 terms .
Concluding Remarks
Cocoa production provides employment and 60%-90% of the income of the producing households across West Africa; however, most of these households are plagued with issues such as poverty, low yields, and child labor. Several programs, like the CLP, have been targeted at cocoa-producing households to minimize the occurrence of these issues. However, predicting and measuring the impact of such development policies is complex, and the spillover effects into other sectors can be difficult to measure. Thus, the impact of any policy that acts as a catalyst for change in the agricultural sector must be evaluated through changes in both the production and consumption behavior of farm households. Traditionally, monitoring and evaluation researchers have used the FHM to analyze the policy effects on the well-being of farm households and spillover effects into other sectors.
Conventional FHMs assume separability in production and consumption decisions, where farm income is first maximized by conventional conditions for profit maximization, then the household maximizes its utility subject to farm income. However, because of market imperfections (underdeveloped and/or absent markets) and labor heterogeneity, separability breaks down and the household's production and consumption decisions become simultaneous. Accordingly, this can affect empirical farm-household modeling by changing comparative static results and renders parameter estimates statistically inconsistent. It is, therefore, relevant to test for the presence of nonseparability before embarking on empirical modeling of farm households.
Based on the analysis, production and consumption decisions among Ghanaian cocoa-producing households are not recursive and separable. Additionally, the study demonstrates that when the breakdown of separability is not accounted for, the magnitude of the impact of simulation analyses that estimate the effects of development policies, such as the CLP, are inaccurate. The positive impacts associated with the CLP were underestimated when separability was assumed. Assuming separability when it does not exist could lead policy makers to undervalue agricultural support programs that contribute to improvements for households and potentially shift resources out of such programs into other activities that generate less positive benefits to society. The sensitivity of yields to different types of labor is important. Cocoa yields are relatively more sensitive to hired and exchange labor, followed by household adult female labor, household adult male labor, and then household child labor. Further, hired labor complements (substitutes) household adult male (female) labor, suggesting that household adult males are responsible for the supervision of hired labor. Furthermore, given that household adult female labor complements child labor, policies aimed at educating households about child labor could be targeted to household women for greater impact. Because cocoa production in Ghana is a household business, children will always be found on the farms, as this facilitates transition of farm ownership from the old to the young generation. Although this is a cultural issue, women could be targeted with information about hazardous child labor activities as specified by Ghanaian law. These include clearing of forest or felling trees, working with agrochemicals, breaking cocoa pods with a breaking knife, climbing trees higher than 3 m, and harvesting overhead cocoa pods with a harvesting hook. Moreover, given that a major proportion of child labor engages in cocoa-harvesting activities, child labor-reducing activities could be targeted and implemented during the harvest periods for cocoa.
Finally, the results highlight important implications of development programs such as CLP on the allocation of time to leisure. We find that, under separability, yield-enhancing policies like CLP result in the household spending more time at leisure; also, this result is magnified under nonseparability. However, more leisure (less work) does not imply that income falls, because yield increases more than offset price declines.
